viders.
The results of a nationwide survey conducted in 2016 by the Ministry of Internal Affairs and Communications of Japan demonstrated that, among 100.8 million internet users, 58.6% of them access the internet through desktop and/or laptop computers. 1 It is notable that a similar percentage of individuals (57.9%) use internet via smartphone. A smartphone has multiple functions as a mobile phone, palm-size computer, schedule notebook, game machine, camera, audio player, and video player. The convenient mobility of a smartphone could bind the users to the internet anytime and anywhere. All the rage around Pokémon GO in 2016 reflected widespread use of smartphone across all ages. 11, 12 Smartphone addiction is characterized by excessive and problematic smartphone use and clinical features of behavioral addiction: preoccupation, compulsive behavior, lack of control, functional impairment, withdrawal and tolerance. [13] [14] [15] Smartphone addiction could be regarded as a new form of internet addiction because many youths have their smartphones with them all through the day and access the internet through the smartphone. In response to the increase of smartphone users, studies regarding smartphone addiction have been reported from various countries, mainly Asian and European countries. [16] [17] [18] [19] [20] [21] [22] [23] Several research groups developed questionnaires to screen for smartphone addiction, and some of them were translated into other languages. 14, 15, 19, [22] [23] [24] [25] [26] In proportion to the increasing awareness of smartphone related problems, more studies have been published. However, in Japan, a limited number of studies on smartphone addiction have been conducted thus far.
This study aimed to test the usefulness of the Japanese version of the Smartphone Addiction Scale (SAS) as a screening tool for a new form of internet addiction, to estimate the prevalence of smartphone addiction, and to investigate the correlation between smartphone addiction and internet addiction among Japanese college students.
METHODS

Subjects
The subjects of this study were 800 students of 5 colleges in Sapporo, Japan. Initially, research collaborators for data collection were recruited through the social network of the first author of this paper (M.T.). Then, five teachers of five colleges agreed to participate in this study voluntarily and distributed printed questionnaire sheets in the classrooms. All subjects participated in this study without any incentive provided by the study investigators.
Study questionnaire
The study questionnaire consisted of questions about demographics (age, gender etc.), possession of a smartphone, internet use [length of internet use on weekdays and weekend, favorite social networking service (SNS) etc.], Young's Internet Addiction Test (IAT), 27, 28 and the Smartphone Addiction Scale (SAS)-Short Version (SV) 25 translated into Japanese. The IAT consists of 20 questions regarding internet use that all begin with a sentence of "How often do you…": e.g. "How often do you find that you stay on-line longer than you intended?" Response choices are: 1=rarely, 2=occasion-ally, 3=frequently, 4=often, and 5=always. The IAT is used to assess the level of internet addiction and yields a score range of 20 to 100. In this study, we assessed the severity of internet problems based on the original cutoff points proposed by Young 27 and in accordance with previous studies done in Japan. 6, 7, 29 The scores on the IAT for each group in this study were: 20 to 39 points for the average user, 40 to 69 for possible addiction, and 70 to 100 points for severe addiction.
The Smartphone Addiction Scale (SAS) 14 was developed as a self-report scale referring to the K-scale, which has been commonly used as a screening tool for internet addiction in South Korea. 30 The original SAS consisted of 33 questions assessing 6 factors regarding smartphone usage and using a six-point Likert scale (1: "strongly disagree" and 6: "strongly agree. ") The short version of SAS (SAS-SV) was developed by shortening a standard SAS to make it easy to use as a screening tool in adolescents. 25 The validity of the SAS-SV was confirmed by clinical interview by medical professionals for randomly selected subjects. Statistical analyses demonstrated that the AUC values for boys was 0.963 at the cut-off value of 31 (sensitivity value was 0.867 and specificity value was 0.893). For girls, the AUC value was 0.947 at the cut-off value of 33 (sensitivity value was 0.875 and specificity value was 0.886). The first author translated the SAS-SV in English into Japanese. Translation from English to Japanese was done in parallel by another bilingual co-author (TAK). A back translation was performed by a professional translator separately. Between the original version and the back translation, only subtle differences were found, and appropriate adjustments were made after a group discussion. One small modification was made by adding the term LINE, the most popular SNS application in Japan, after the term Facebook in the sentence of Q8 of the original version of SAS: "Constantly checking my smartphone so as not to miss conversations between other people on Twitter or Facebook. "
Statistical analysis
Statistical analyses were performed by using StatFlex Ver.6 (Artec Inc., Osaka, Japan). Student t-test was used to com-pare the mean of two groups. To investigate the association between two factors, Pearson's correlation coefficient was calculated.
Ethics
The study protocol was approved by the ethics committee of Tokiwa Hospital prior to data collection (TKW-H28-0718). This study was conducted in accordance with the Declaration of Helsinki. The aim of this study was clearly stated on the first page of the anonymous questionnaire sheets. Response to the questionnaire was deemed indicative of consent.
RESULTS
We collected 602 out of 800 questionnaire sheets from the subjects (response rate was 75.3%). There was a total of 573 respondents (180 male, 393 female) who completed questions regarding smartphone use. With regard to potential bias between completed (n=573) and incompleted (n=29) respondents, we did not find any statistically significant differences in terms of age (19 Concerning the smartphone addiction scale, mean SAS-SV scores were 26.1±10.0 for all subjects, 24.4±10.0 for males, and 26.8±9.9 for females. A comparison of the mean IAT score and the mean SAS-SV score between male and female is shown in Figure 1 . The higher SAS-SV score in female was consistent with previous studies. 14, 25 Kwon et al. 25 proposed separate SAS-SV cutoff scores for males and females. Based on the proposed cutoff scores, in the male group, 41 out of 180 subjects (22.8%) screened positive, and in female group, 110 out of 393 subjects (28.0%) screened positive.
To investigate the association between the total scores of the SAS-SV and the IAT, Pearson's correlation coefficient was Figure 2 (r=0.6744, p<0.0001). In regard to gender differences, correlation coefficient for male respondents was r=0.6335 and that for female was r=0.7101, respectively.
DISCUSSION
Japan's government conducted a nationwide survey on internet use and found that the highest rate of internet use was among 20 to 29-year-olds (99.2%) and that the second highest rate was among 13 to 19-year-olds (98.4%). 1 For each age group, the rate was higher than the rate from the previous year. These data suggest that children are starting to use internet at a lower age than before. An online survey (n=759) conducted by a Japanese IT company named LINE revealed that about 70 percent of the teens access the internet exclusively through smartphone. 31 As this survey was conducted through the internet by the IT company, there must be a significant sampling bias. However, because of smartphones' superb mobility and multifunction capability, a lot of teens have their smartphones with them all through the day. In other words, they are connected to the internet all day long.
As the number of internet users becomes higher, problems related to internet use become more serious. Nowadays, large number of internet users are suffering from internet addiction (IA), or internet overuse that causes functional impairment. 4, 28, 32 A hundred studies reported that IA appears to be related to developmental disorders and/or mental health problems even in Japan. 2, 3, 6, 7 Similarly, as the number of smartphone users becomes higher, problems related to smartphone use also become more serious. Smartphone addiction could be observed in all ages. It is well-known that the group most susceptible to smartphone addiction is high school students, especially female students.
An article published in the Guardian, a UK-based newspaper circulated worldwide, attracted a great deal of attention with the shocking title "'Our minds can be hijacked': the tech insiders who fear a smartphone dystopia. " 33 In his report, a former Google and Facebook engineer who created the "like" button on Facebook described it as "bright dings of pseudopleasure" and said that it would be a hollow message. In Japan, a similar situation could be observed among LINE users. In LINE, one can select, from a large number of options, funny illustrations (a so-called sticker or stamp in Japan), which could express the sender's feeling. Furthermore, LINE shows a "have been read" sign that appears on the screen of sender's smartphone once the message has been read by a receiver(s). By checking the sign, the sender can verify with certainty that the message has reached their friends. However, the pause after the "have been read" sign could imply various meanings. LINE users, including socially sensitive female adolescents, might feel ignored or disliked upon perceiving a pause between message sent and response. Thus, not only for enjoyable chatting with their peers, but also for insuring non-exclusion from the peer network, LINE users touch, swipe and tap their smartphones obsessively and compulsively. In severe cases, LINE users could tap their smartphone more than 1,000 times in a day. In view of this reality, and considering the term "Facebook addiction", [34] [35] [36] [37] we propose the term "LINE addiction" to describe subjects who overuse LINE and have a functional impairment.
Neither internet addiction (IA) nor smartphone addiction are listed as a psychiatric disorder in DSM-5. Only Internet Gaming Disorder is included in 'Conditions for Further Study, ' which suggests that the condition could be recognized as a psychiatric disorder in a future revision. The debate as to whether IA is a psychiatric disorder has lasted for about two decades since Young first proposed the concept of IA in 1998. 27 Initially, Young proposed provisional diagnostic criteria for individuals with problematic internet use. Referring to the DSM-IV-TR criteria for substance dependence, she proposed the term 'internet addiction' and subsequently revised her definition of IA to more closely resemble an impulse-control disorder. The term IA has been often used to describe subjects with internet overuse accompanied by serious problems. Subsequently, the term 'smartphone addiction' was used to describe the individuals with problematic smartphone use.
Lin et al. 38 proposed diagnostic criteria for smartphone addiction which consisted of six symptom criteria (Criteria A), four functional impairment criteria (Criteria B) and exclusion criteria (Criteria C). The proposed diagnostic criteria reflect four main components of addiction; excessive use, tolerance, withdrawal, and functional impairment. Furthermore, to increase the accuracy of diagnosis of smartphone addiction, besides clinical interview, Lin's group developed an application software to record data of smartphone use and incorporated the results into diagnostic criteria. 39 In the future, the application on an individual's smartphone could record daily usage and might be utilized as a screening tool to detect smartphone addiction as early as possible.
There are several limitations in this study. The sample size was limited, and only college students were invited to participate. It is impossible to generalize our results because of a significant sampling bias. We did not ask about academic records, living conditions and economic status of respondents. None of our subjects underwent a clinical interview. The scales used in this study, such as the IAT and the SAS, have limited validity. We did not assess any psychiatric symptoms, such as depression, anxiety, and sleep disruptions, which are often observed as co-morbidities in patients with addictive disorders. We also did not assess for any formal diagnosis of a substance-related/addictive, obsessive-compulsive, or disruptive/impulse-control disorder.
To the best of our knowledge, this is the first study to investigate the usefulness of a Japanese version of the Smartphone Addiction Scale-Short Version (SAS-SV) in college students. Since the number of smartphone users has been increasing, and since the age when children start using the smartphone has been decreasing, the problem of smartphone addiction will become more and more serious in Japan. Medical professions should be aware of the seriousness of smartphone addiction, and the Japanese version of the SAS-SV could be used for early detection of smartphone use-related problems. Risk factors of smartphone addiction include younger age and co-morbid developmental disorders, and instructions for appropriate internet use could be a protective factor. Early intervention, enabled by early detection, could then prevent problematic smartphone use in children and the adolescents. We envision that further studies will focus on broadening the populations screened and correlating screening results with clinical findings and outcomes.
